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See bAGCKGROUND 

Improvements in satellite-aided detection and over-the- 
horizon targeting techniques have allowed the Soviets to 
develop an effective long range strike capability against 
U. S. Navy carrier battle groups. To counter this develop- 
ment, the U. S. Navy has shifted the emphasis of carrier 
Operations to the projection of sea power to ranges limited 
only by the endurance of its strike aircraft. Carrier 
airwings now routinely practice long range strikes to targets 
at ranges of 800-1000 nautical miles from the battle group. 
These long range missions usually include many aircraft types 
with different mission weapon loads and fuel states. One of 
the most difficult tasks the airwing strike planner encounters 
is the determination of range and performance characteristics 
Dao pCemmememalberart types. Kach aircraft in the strike group 
may have a different weapons and fuel configuration and there- 
fore each will have a different maximum range, speed, etc. In 
order to determine the maximum range of the strike group and 
the requirement for air-refueling assets, the strike planner 
must be able to accurately forecast the performance and fuel 
Usa fenwen each aircraft in the strike group. This task is 
ostensibly accomplished by the planner manually extracting 


fuel consumption and performance data for each aircraft from 


the appropriate Naval Air Training and Operating Standardi- 
zation (NATOPS) Plight viaana This technique is laborious, 
time-consuming, error-prone, and too difficult to saccomp aca 
for every strike. This technique is also complicated by the 
number of variables involved, such as varying drag counts 
for changing altitude or airspeed, changes in aircraft gross 
weight, deviation from standard day conditions, and configu- 
ration changes during the mission. Consequently, few planners 
actually use this tee¢hnique to plan specific miscaomes. Instead, 
they rely on range and performance estimates from experienced 
pilots. When unusual profiles or unfamiliar weapons loads are 
involved, these estimates are usually in error, but the degree 
of error is not generally apparent until the mission is ac- 
tually executed. The estimation technique is also not a 
Vallid= prmeddiG ton of maximum capability. Most planners projece 
maximum ranges on the conservative side as it is better to 
have a fuel “cushion” than to expose the mission to failure 
due to higher than expected fuel consumption. The result is 
a limitation to the possible options available to the Battle 
Group Commander. 

All carrier Strike Operations Centers are equipped with 
a desk-top BASIC computer system) (64K memory ) oe rope.) 
programmed, this computer is suitable for rapid and accurate 
computation and retrieval of aircraft performance and fuel 


usage data. 


The purpose of this thesis was to investigate the feasibil- 
of developing a mission planning computer program for A-7E 
a@ivweratt suitable for on=board carrier use by a strike planner. 
Mico m=eaeahatwet ni COM mime rton with Similar programs for other 
types of strike aircraft, will allow the planner to quickly and 
accurately predict mission capability and fuel requirements for 
various types of missions for an entire strike group. 

The NATOPS Flight Manuals are the only authorized standard 
ee te oNavyetor es ... inmtormation on all aircraft systems, 
performance data, and operating procedures required for safe 
and effective operations" [Ref. 1]. The development of a com- 
puter program to predict aircraft performance requires the 
use of a data reduction technique to represent the NATOPS 
Pemco canes graphs as numeric equations. Computational methods 
to reduce the graphs to equations were investigated in a pre- 
vious thesis of June 1978 by then LCDR W. M. Siegel [Ref. 2]. 
Siegel Hav CaS procedure to represent each curve in the A--/7E 
takeoff performance charts by a Least Squares Fit polynomial. 
ihassteehmaique of curve fittings is described in Appendix Acs 
For a family of takeoff curves, he cross-plotted the coeffi- 
cients of the polynomials to develop a single multi-variable 
equation which represented the entire family of takeoff curves. 
This technique of cross-plotting coefficients is illustrated 
with an example in Appendix B. Siegel's work was continued 
bo LY ete irc ee hOecer in his thesis of September 1978 


[Ref. 3]. Using Siegel's method, Koger reduced nine A-7E 


performance charts to computer algorithms for use on the 
HP9830 desk computer and the TI-59 hand calculator. Although 
useful in defining the problems of reducing performance data, 
Siegel and Koger's products were not suitable for use by a 
strike planner inasmuch as Siegel's thesis was limited to 
takeoff performance and Koger's thesis did not address the 
computation of drag changes with varying tlieutecond erence 
Koger also excluded from his investigation those performance 


charts that did not accurately reduce by Siegel's method. 


B. omGOALS 

The desired product of this thesis was an interactive 
BASIC computer program which would compute performance and 
fuel usage data for the A-7E aircraft and would be compatible 
with a 64K memory desk-top calculator. The program would 
have the flexibility to compute data for any land and carrier- 
based mission and for any authorized weapons load. The de- 
sired program would simplify and improve the accuracy of 


mission planning, and would be used routinely by airwing and 


strike operations personnel. 
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A. 


i. ee ROBE EM APPROACH 


PROGRAM DESIGN 


The program was developed using the Waterloo BASIC com- 


piler of the IBM 3033 Computer at the Naval Postgraduate 


Sehoo l. 


The following basic outline was used to design the 


SOMmpurcen progran: 


de 


one 


Develop an algorithm to compute drag count each time 
a flight condition changed. 

Represent each performance graph in numeric form. 
Develop an interface program to tie together user 
imMgies~dGcaemcOomputations, and performance calcula- 
EtOncS, sand to gutput performance data. 
Tailor the program to be " user-friendly 
error retrieval and text explanations. 
Validate the product program for accuracy and assess 
its operational usefulness through qualitative evalua- 
Plomepyt heet pilots. 


through 


Whole missions were represented by combinations of mission 


segments reconstructed for a specific mission in a specific 


order to allow for use of subprograms. The mission segments 


to be chosen repetitively in order of mission occurance were 


WO OnAAN WN 


Lakeomomand Acceleration 
Rendezvous 

Low Altitude Cruise 
Claims 

Cruise 

Descent 

Attack 

Tanking 

Encdmot Mission 


This technique of representing a mission in segments 


SivVesminemplanner much flexibility to use the program for all 


11 


types of departures, recoveries, and complicated sii 


pret tiles. 


Be 


REoTRECT EONS 


The following restrictions were placed on the program 


in order to reduce the memory requirement to that available 


on the candidate computer system: 


ere 


aes 


The NATOPS manual would be the sole source of perfor- 
mance data. 

Error retrieval would be minimized. This would make 

the program more difficult to use but would save com- 
puter space for computations. 

No attempt would be included to limit the flight envelope 
of the airplane or to Limit Ehe combinatetoenc goles tom 3 

to only those currently authorized for catri1ace. pee 
limiting would require memory~consuming conditional steps. 
It would be assumed that the user would be familiar with 
A-7E flight characteristics, carriage and loading restric- 
tions, and carrier flight procedures. This assumption 
would minimize the efEects Gf restrictions a2 ween. 
above. , 

A single repetitive method of curvefit would be used. 
Although using different curvefit techniques for dif- 
ferent graphs would result in greater accuracy, a Least 
Squares Fit Polynomial Curvefit, with minor corrections 
as necessary, gave acceptable results, and allowed for 
one repetitive algorithm. This feature was paramount 

For containing the program to the size of available com- 
puter memory. 


ie 


les Ws is SOLUTION 


ae eaG COMPUTATIONS 

All the performance graphs in the NATOPS Manual depict 
ane perrOrmance Cf wascleaneaircratt (no external stores). 
The types of drag which must be calculated to access the 
graphs when loaded with external stores are basic store 
drag, interference drag, and trim drag. The data to com- 
pute each of these is located in Figure 11-18, Sheets 1-14, 
of the NATOPS Manual. A sample page is included as figure 
Cl, Appendix C. Basic store drag is the parasite drag pen- 
alty imposed when carrying external stores. It increases 
with airspeed for any load. Interference drag is the drag 
resulting from pressure buildup between stores on adjacent 
wing stations. [It varies with the distance between adja- 
cent stores, the airspeed the stores are carried, and with 
configuration type (multiple or single-loaded). Trim drag 
is the drag due to assymetric loading and is a function of 
Ole memene Tice tanual calculation technique for each 
type of drag is detailed in Chapter 11, NATOPS. A computer 
algorithm was written to compute each drag and to sum the 
elteetrs eCdei time the aircraft configuration or flight con- 
dition changed. 


ie Basic Store Drag 


Papmttdne a Matrix of every possible configuration 


es: 


drag count was impractical as a result ot lLimteea procram 


memory; therefore, the following algorithm was developed to 


determine basic drag count: 


ls 


As a response to a program prompt, basic drag count 
values for Mach .6, <;7, -.8, and 79 2rememtc eo eom 
each station. Column 3, Figure Cl, Appendix Cee itec 
sample input data which is extracted from the NATOPS 
Manual. 

The cumulative drag count for each respective Mach is 
added and the program computes a Least Squares Fit 
equation of cumulative basic drag count (DC) wepcue 
Mach (M) of the form 


DC = A + BM + cM2 
where A, Bs; and € are cCurvebtit sce ocrt temwemes 


The user can now enter with any Mach and determine 
the total Basic drae for, enae waen- 


Interference Drag 


The following algorithm details the caleculatien ae: 


interference drag: 


i 


drag: 


As a program response, the distance from the pylon 
centerline to the edge of the loaded store is entered 
EOr \cachjQstation. This data is located in Comfumn 4 
Figure Cl, Appendixeg. 

The configuration status (multiple on sing le) Sie ames 
entered. 

The program computes the distance between adjacent 

S Poime.c. 

Depending on the configuration load and the adjacent 
stores involved, the interference drag is computed 
directly from a linear relationship between interfer- 


ence drag count and distance between stores. For out- 
board wing stations this relationship is depicted in 
Figure C2, Appendix C2. For inboardgywine ota emona 


this relationship is depicted in FPigure C35 Appendaace 


Pein Dray 


The following algorithm details (comprar weno oer 


The asymmetric rolling moment of the desired load is 
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iene lis wsaatdeahomlisted in Column 6, Figure 11-18, 
PeolOno. anarsamp le wdata wis shown ain Column 6, Figure Cl, 
Appendix C. 
2. A family of curves representing the relationship between 
LOMino manentcuandetrimesdrag (Figure C4, Appendix C) 
is reduced to a single multi-variable equation by the 
method of cross coefficients described in Appendix B. 
oT anette rOml inegemoment, Mach, and altitude, the 
EGimM drag iseealeulacted. 


B. NUMERIC REDUCTION OF GRAPHS 
The NATOPS Manual performance curves were constructed 
from experimental data. In most cases the curves of a speci- 


fic graph can be accurately approximated by a curve family of 


a single order (all the curves on a specific chart are of the 


Same order). Reine! en meen Coming and Optimum Endurance 
Altitude, illustrates this feature. Every curve in this chart 
can be represented by a second order polynomial. The method 


of cross-coefficients described in Appendix B reduces this 
type of chart to numeric form very accurately with no addi- 
tronal stepe. Some families of curves have unusual or uneven 
spacing and the curves cannot be accurately represented by a 
single polynomial type. An example of this is illustrated in 
Peoure.) 2, ieee, Ne OWwemm OG imiba es Ehas type Of chart can be 
segmented into two or three segments by inspection, and the 


method of cross-coefficients is applied to each segment 


imdavyidua ii Conditional statements in the program select 
the desired segment of data. This technique gives results 
Comparable wGo manual graphical extraction of data. Some 


charts, such as the Military Power Climb Speed Schedule, 


Figure 3, are composed of a single curve which can be 
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Pao Gelcimecd (bys itpbemeqtidtron. For the top curve of Fig- 
WUsea se che resultant edtiatven form is 


KoAcme=eaes =. 75 (CDRAC ene OMe (DRAC) - 


oe PROGRAM DESCRIPTION 


The program was organized into four major sections as 
Pollows: 
Poe vaea I npme 
a. Basic Configuration Segment 
User inputs are numbers of pylons, ejector racks, 
missile racks, drop tanks, and air refueling stores. 
Des Basic Store Drag Segment 
User inputs are basic store drag count values 
for each station by Mach number. 
Cr Interference Drag Segment 
User inputs are type of store and distance from 
pylon centerline to the edge of the store for each station. 
d. Trim Drag Segment 
The user input is total asymmetric rolling moment 
Srmeciemeconticurat lon. 
Lora rar Subroutine 
User inputs are Mach, gross weight, and altitude. 
Computer ee@enerated inputs are 1. a., b., ¢€-., and d. above. 
BPeocGamngmrepuc +S total drag count. 
3. Takeoff and Acceleration Segment 
User inputs are takeoff gross weight, takeoff fuel 


State, acceleration speed after takeoff, and takeoff 


19 


elevat2om .- Computer outputs are distance an@ wel” requ a. 
new fuel state, and new gross weight. 
4. Mission Menu 
The mission was divided into the folMouqme spe ori me 
segments which the user selected in the order of specific 
MLSSLOM OCeUGance: 
a. Low Altitude Cruise 
Used for emission control departures, other 
carrier departures and recoveries, low level ingress/ egress, 
and radar masking profiles. User inputs are Mach, route dis- 
tance, and flight level temperature. Computer generated 
inputs are current gross weight, fuel at the beginning of 
the segment, and drag count. Outputs are fuel flow, fuel 
used this segment, and new gross weight and fuel state. 
b. Climb ~ 
User inputs are starting and level-off altitudes. 
Computer generated inputs are current gross weight, fuel 
state, and drag count. Outputs are recommended climb speed, 
maximum range and maximum endurance altitudes for the config- 
uration, fuel and distance required to climb, and new gross 
weight and fuel state. 
cr Rendezvous 
User inputs are rendezvous altitude, airspeed, 
refueling onload/ offload, and time in tendez os Computer 
generated inputs are current fuel state, gross weight, and 
drag count. Outputs are fuel used in rendezvous, new gross 


weight, and new fuel state. 


Z0 


ai. High Altitude Cruise 
USCrwInpUELS sateen uising altitude, Mach, temper- 
ature at altitude, and segment distance. Computer generated 
inputs are true airspeed, calibrated airspeed, drag count, 
current gross weight, and fuel state. Outputs are fuel flow, 
fuel used, new gross weight, and updated fuel state. 
e. Maximum Range Descent 
User inputs are starting and level-off altitudes. 
Computer generated inputs are drag count, current fuel state, 
aides ross welehes Outputs are maximum range descent speed, 
distance and fuel used in the descent, new gross weight, and 
fuel state. 
ct. CAttack 
User inputs are estimated fuel used for the 
attack and ordnance weight expended at the target. Computer 
generated inputs are current gross weight and fuel state. 
Outputs are new configuration Status for drag determination, 
new gross weight, and updated fuel state. 
g. Tanking 
This segment pertains to enroute tanking by the 
strike aircraft going to or from the target. It also is used 
messmo tannwinae ror che Canker aircraft. User inputs 
are Onload or offload fuel quantity, tanking speed, tanking 
altitude, time required to tank, and temperature at altitude. 


Computer generated inputs are current fuel state, weight, and 


Za 


drag count. Outputs are new fuel State, grosoevewent. amd 
net fuel gained or Lost 
he End of Missi0m 
This segment administratively ends the profile 
and allows for restart or termination of the program. Ihe 
also summarizes the end-of-mission fuel state and gross 


weight. 


D. PROGRAM ANOMALIES 

The NATOPS charts are so constructed that the data are 
accurate for only those regions on the charts where data are 
displayed. AS an example, cruise intormatron Cor seem eons 
regime at the backside of the power curve is not displayed 
on any chart even though the aircraft can be flown in stabil- 
ized £Elight in that seec aon: It is improper to extrapolate 
data for cruise conditions at airspeeds below maximum endur- 
ance from the NATOPS charts. Ihe computer pcos pana ee 
you data for this region, butethis sda t ao ie en eecramene: 
Similarly, data can be obtained for airspeeds which exceed 
aircraft capabilities, but this data are inaccurate also. 
Other flight regimes that are not accurately represented in 
the performance charts or in the program are landing config- 
uration performance ddata (ceam sandy Of et Vapcedovn) pene bra 
tion descent data (speedbrake out), partial power climb data, 
and level acceleration/deceleration data. Manueveringe per— 


formance data was beyond the scope of this investigation. 


ZZ 


TNs RESULTS 


ire programewhrten resulted Crom this investigation les 
Pocareed in Appendix Dp.) The program reduces all or part of 
the following graphs to numerical form (the graphs are listed 
by name and page number as they appear in NATOPS): 


Maireary shower Climb Speed Schedule (p. 11-54) 

Fuel Required To Climb From Sea Level (p. 11-57) 
Distance Required To Climb From Sea Level (p. 11-57) 
Cruise Ceiling And Optimum Endurance Altitude (p. 11-59) 
Maximum Range Cruise At Constant Altitude (p. 11-68) 
Cruise Performance, Aircraft Reference Number (p. 11-64) 
CanEoeomhentonmance.. Ubismlber Nautical Mile (p. 11-65) 
Cruise Performance, Fuel Flow (p. 11-66) 
Cuuiseprerformance, Clean Aircraft Transfer Scale 

(p. 11-63) 

10. Maximum Endurance Speed (p. 11-71) 

ll. Maximum Range Descent Fuel Required (p. 11-77) 

12. Maximum Range Descent Distance To Descend (p. 11-78) 

13. Maximum Range Descent Speed (p. 11-75) 

iseeeenterierence Drag (p. 11-36, 37) 

Pehl nacmueslowAsymmetric Store Loading (p- 11-38) 


OW anN ANON WN 


I MempmOo Gan, whlch accurately computes the total drag 
Cty ecOlkleuratlon oF flight condition, is interac- 
tive for a knowledgeable user and conforms to the memory 
size of candidate computers. The product of the program is 
mission performance data for a variety of missions, and the 
initial statement of purpose that the product be at least 
as accurate as the performance predictions derived from man- 
boeextracen@on of data from the NATOPS graphs is satisfied. 

The program was tested for operational suitability by a 


sample group of Navy A-/7E pilots at the Naval Postgraduate 
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S ¢ ooulae Several representative missions were simulated. All 
agreed the program gave results consistent with their experi- 
ence and that the program has excellent operational utility. 
Most of the pilots agreed that a user manual to accompany the 
program would reduce input errors and make the program easier 


CO. US ee 
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Vee CONCLUSIONS AND RECOMMENDATIONS 


This investigation resulted in the development of an 


interactive computer program for the A-/7E aircraft which can 


be used by mission planners to predict performance and fuel 


usage data. As a result of this investigation the following 


Tose COmecuiiG ec : 


Le 


The NATOPS performance charts can be reduced to numeric 
form suitable for computer manipulation through math 
modeling techniques such as curve-fitting and cross- 
DlEOtEdImMe “COGhITeLents. 

The presentation of NATOPS performance data by computer 
methods can provide a quick and accurate planning tool 
with which planners can predict performance and fuel 
usage data. 

Mission Planning computer programs that are derived 
from the NATOPS performance charts, and which can be 
implemented on desk-top calculators, can be developed 
for other aircraft types. 

The memory available in most current 64K desk-top com- 
puters is satisfactory for program implementation. 
Increased memory size would allow for more explanatory 
text and error retrieval and would make the programs 
easier to use. 


In view of the results of this investigation, recommenda- 


tions involving future testing and implementation of mission 


planning programs are listed. 


ee 


Tee 


The accuracy of the A-/7E Mission Planning Program should 
be verified through flight test. 

Similar programs should be developed for other strike 
aarerat t. 

A NAVAIR sponsored activity should be assigned the task 
of managing the development, standardization, updating, 
Anema stb butELTOn OL Mission planning programs. 

Planning programs for all strike aircraft should be 
Smatdabamzed sim format and Gombined into a Mission Plan- 
ning Package for air wing and strike operations uSe. 


25 


APPENDIX A 


LEAST SQUARES FIT APPROXTHATION 


Reference 4 describes in detail the Least Squares Fit 
aprox. Imnat 1om. The problem in general is to describe a set 
of "N" data points (X,Y) by a polynomial expression of a 
curve whose degree is less than "N" and of the form 

Y =A + BX + CX4. 


An example of the numeric procedure is as follows: 


lige Given the following data points, 
X 0 i Z 4, 5 
XC 0 l 4, bel eS 


with the desired equation form being 
Y = A + BX + CX? 


Substitute each pair of data into the desired equation 
form to develop the base equations: 


0 = AUF O08 + Tc 
l = Asc 43 = ae 
4 = A + 2B + 4C 

11 = A + 4B + 16C 

13 = Apso eee 

2. Multiply each base equation by its coefficient of "A" 
and add the equations: 

0(0 = A + OB + OC) 

1¢(1 = A + 1B + I1C) 

1(4 = A + 2B + 4C) 

L1¢11l = A + 4B + 16C) 

1(13 = 43S ep 

29 = 5A + 12B + 46C 


Za 


PME p> lyvmedehne base =eamattom by 1tS coefficient of “"B" 
and add the equations: 


OCC — mae Ob + OC) 
Clee LB + LC) 
2(4 = A + 2B + 4C) 
4(1ll1 = A + 4B + 16C) 
Dil Geo bet 2 5 ) 
118 = 12A + 46B + 198C 
Pee ite knee aehmncaicse equation by tts coefficient of "Cc" 


and add the equations: 


OCG = Ay 0B + OC) 
(CAE i) bee Ine ) 
4(4 eee? Be 4G) 
iene = A+ 4h > loc) 
mals = A + 5B + 25C) 
ioe 464) + 198B + S89SC 
>. solve the three equations for the three unknowns: 
Zo Ae 2 Bee 466 


ie S = 2A 4 OB + 198C 
pelow—— oom oS B + 89S C 


A = -.458 eel 7 o Cc = .164 
6. The desired equation is 
a= o eo OX + 2, 164x- 
Y Se bRes to Plowing chart depicts the original data and the 
Gurve fat data: 
x 0 Il Z 4 5 
ee 0 1 4 Il 13 


Momeni d)  —. 45.6 6s Aol ros 13553 


8. The original and curve-fitted data are displayed 
earpnweatly aneeweure Al. 


2/ 


LEAST SQUARES FIT EXAMPLE 


Y-AXIS 


LEGEND 
O EXAMPLE DATA 





Figure Al. 
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APPENDIX B 


Pein: oN Cae CHART REDUCTION 


MoSsteom themNAlTOP Sa =spertormance charts contain three 


variables (two independent and one dependent) and are de- 


picted on a two-dimensional graph with the dependent var- 


iable illustrated as a family of curves. Figure Bl, taken 


from the NATOPS, shows an example of this feature. The 


BedUcetonwoOrmsUchwenarts 1S accomplished as follows: 


ls 


Determine the order of the family of curves. For this 
example the curves are all nearly straight lines and 
are assumed to be first order represented by the equa- 
tion torn 


CAS = A + (B X GW) 
Wheten Banc beware we@erricients to be determined. 
Apply a Least Squares Fit approximation to each curve. 


The restates “are 


Drag (DR) Equation: GINS 


= A + (B X GW) 
0 CAS = PoeOmgeet 94.6 X GW) 
a0 Goel OS es, +) (4,3 X GW) 
POG CAowoLOowo + (450 X GW) 
ZOO ti ow=eebOj.s + (3.6 X GW) 
500 GAs = 104-6 + (3.4 X -GW) 
Graph the "A" coefficients versus the dependent vari- 
ap le bi tT Mem Auweg@erticients for this example are 
graphed in Figure B2. Determine a Least Squares Fit 
approximation for the resulting curve. The result for 


this example is 
acne = O618 CDR) + = 0004 (DR) - 


Cltapmeene b&b coefficients versus the dependent vari- 
aubemiiracw Sec Pieure B3 for a graph of “B" coeffi- 
cients for this example. Determine a Least Squares 
DeemappeOriMdeton for the resulting curve. The result 
for this example is 


Beare 4 7 t= 30059 (DR) 
Zo 


Apply the coefficients to the Original equation toner 
CAS = 7A) 2018 Soe 
For our example the final equation becomes 


CAS = [ 110,84 - .0618 (DR) + .0004 (DR)42 ] + 
[ 4.5471 = 20059 (eR) leeerar 


For any entry of drag and gross weight, the descent 
airspeed results. Sample comparisons are listed: 


Gross Weight Total Graphical Numerical 
{ 1000 lbs”) “DracrCoune Solution’ (Clay Solutieon(CAsy 
24 50 Za 20 
a0) 100 228 ee 
6872 if 276 229 
36 20:0 Zag 236 
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MAXIMUM RANGE DESCEXT 


DESCENT SPEEDS 





MODEL: A-7E ENGINE: TF41-4-2 
OATA BASIS FLIGHT TEST FUEL GRADE: JP-5 
DATE: NOVEMBER 1971 FUEL DENSITY: 6.8 LB/GAL 


CONDITIONS: 
JOLE THRUST 
STANDARD DAY 
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cee ENIX 'C 


‘A-/7E NATOPS DRAG DATA CHARTS 





STORES COMPUTATIONS 





(1) (2) (3) {4} (5) (6) 
DISTANCE ROLLING 
auMNG BASIC DRAG WEIGHT eee 


(Note 1) (Note 3) Sta 1 or 8 


Sta 2 or 7 
Sta 3 of 6 





BOMBS {Continued} 


Mk 36 MER/6 58.5 | 60.5 | 685 | 90.5 145 3.636 41,562 
Destructor 29.557 
18.610 


MER/4 46.5 |} 48.5 | 556 | 73.5 14.5 2.494 28.555 
20.307 
12.786 


MER/2 36.0 | 36.0 | 42.0 | 57.0 55 1,354 15.547 
11.057 
6.962 


TER/3 37.5 39.0 | 51.0 | 76.5 14.5 1.806 20.707 
14,726 
9.272 


ulate 23.0 30.5 } 41.5 | 64.5 14.5 1,236 14,203 
5.5 10,101 
6.360 


PR/Y 9.5 10.5 | 14.0 | 23.0 5.5 570 6.504 
4,625 
2.912 


Mk 40 PR/1 8.0 90 } 12.5 | 20.5 725 1,057 11,891 
Destructor 8.456 
- 5.324 


FIRE BOMBS 
Mk 77 PR/I 16.0 16.5 {| 17.0 | 26.0 go? 520 5.923 


Fire Bomo 4,212 
ce 2.652 







PRACTICE BOMES 


Mk 76 MER /6 48.5 9.18 361 4,180 
Practice Bombo 2.973 
1.872 


76E276315)—-G1-—80 





FigurewGt. 
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APPENDIX D 


« A-7E MISSION PLANNING PROGRAM 


—s<fO., e<f 


TERS ARE LOADED (ENTER A NUMBER) 2° 
TRY AGAIN 
CFECK YOUR VALUE® 


DROPS/BUDDY STCGRES ARE LOADED ?° 


CQUNT EwTRY 1S IMPROPER. 


) 
ANY PYLONS ARE PHYSICALLY ABQARC CENTER A NUMBER) 2?! 


= 
eS 
e WY 
TN 
aa 
kr 
z0QO 20 Zoe 
QOeQCovu ecw ec ae] Oz a~ 
ate Led hdd LL, Q.. > ee aes 2 Rt ve OL 2, |" Fw) 
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= Psd = ae Pal uO hme Ol Pd oon RP | 
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on ane Laon Looe Lome howe heen 2a | | I eel oe Lee © Se eS Oe aol kD eae ee Ae ee” ee ee a 
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